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A B S T R A C T

Background: Respiratory syncytial virus (RSV) is an important virus found in adult hospitalized patients.
Objectives: To study the clinical outcomes of hospitalized patients aged ≥ 15 years and diagnosed with RSV
infection.
Study design: Both retrospective and prospective cohort studies were conducted at a university hospital between
May 2014 and December 2015. Results: RSV was detected in 86 of 1562(5.5%) adult hospitalized patients
suspected of respiratory viral infection. Sixty-nine patients were included in the study. RSV was detected by RT-
PCR (82.6%), IFA (10.1%), and both RT-PCR and IFA (7.3%). Most patients (87.0%) were aged ≥ 50 years.
Cardiovascular diseases, pulmonary diseases, immunocompromised hosts, and diabetes were the major co-
morbidities. The common manifestations were cough (92.8%), dyspnea (91.3%), sputum production (87.0%),
tachypnea (75.4%), wheezing (73.9%), and fever (71.0%). Fifty- five patients (79.7%) were diagnosed with
pneumonia. Hypoxemia (SpO2≤ 92%) was found in 53.6% patients. Twenty-five of 69(36.2%) patients de-
veloped respiratory failure and required ventilatory support. Cardiovascular complications were found in 24.6%
of patients. Congestive heart failure, acute myocardial infarction (MI), new atrial fibrillation, and supraven-
tricular tachycardia were found in 9(13.0%), 7(10.1%), 4(5.8%), and 3(4.3%) of 69 patients, respectively.
Overall mortality was 15.9%. Pneumonia (81.8%) and acute MI (18.2%) were the major causes of death.
Conclusions: Most adult hospitalized patients with RSV infection were of advanced age and had comorbidities.
Cardiopulmonary complications were the major causes of death. Management and prevention of RSV infection in
these vulnerable groups are necessary.

1. Background

Respiratory syncytial virus (RSV) is an important cause of acute
respiratory infection (ARI) in infants and young children [1–3].
Nevertheless, it has been recognized as a cause of adult ARI, especially
in the elderly, those with comorbidities, and immunocompromised
hosts, which leads to hospitalization and increases morbidity and
mortality [1,4–8]. The prevalence of RSV infection in adults varies from
3% to 13% depending on age groups, underlying diseases, diagnostic
techniques, study periods, and geographic regions.3–5,7–9], In addi-
tion, disease severity ranges from mild to severe acute respiratory ill-
ness [4]. A total of 4%–16% of adult patients with RSV infection

required hospitalization [3,4,10], with high complications including
cardiopulmonary complications and mortality [4,5,8,11]. There were a
few data of adult hospitalized patients with RSV infection, with high
complications, in Thailand; [3,12,13] however, additional clinical data
are required for planning patient management and also disease pre-
vention in this region.

2. Objectives

The objective of the study was to determine the clinical manifes-
tations and outcomes of RSV infection in adult hospitalized patients.
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3. Study design

3.1. Subjects

Both retrospective and prospective cohort studies were conducted at
the Department of Medicine, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand. Hospitalized patients aged ≥
15 years and diagnosed with respiratory syncytial virus (RSV) infection
by real-time reverse transcriptase polymerase chain reaction (RT-PCR)
and/or indirect immunofluorescence assay (IFA) were included in the
study. A written informed consent was obtained before the enrollment.
The Siriraj Institutional Review Board reviewed and approved the study
protocol (COA no.336/2015). All recruited patients were treated ac-
cording to the standard of care of the hospital. Clinical manifestations,
comorbidities, laboratory data, treatment, and outcomes were recorded
until discharge or death for analysis.

3.2. Virologic methods

Specimens from nasopharyngeal wash, throat swab, sputum, tra-
cheal suction, or bronchoalveolar lavage of the hospitalized patients
suspected of respiratory viral infection were sent to the virology la-
boratory, Department of Microbiology, Faculty of Medicine, Siriraj
Hospital to detect RSV. Real time RT-PCR and IFA techniques were
performed following the standard protocols. The real time RT-PCR was
performed by using the NucliSens nucleic acid extraction kit
(Biomeriux, Marcy l’Etoile, France), a Proflu+ assay (Genprobe
Bedford, MA, USA), and CFX96 (Bio-rad, USA) real-time thermocycler.
The IFAwas performed using a monoclonal antibody specific to RSV
(cat.# 5006, Millipore, USA) and antimouse immunoglobulin labeled
with FITC (cat.# 5008, Millipore).

3.3. Definition

Immunocompromised patients were defined as patients who re-
ceived chemotherapy, corticosteroids> 20mg/day prednisolone
equivalent, hematologic malignancy, or HIV infection. Pneumonia was
diagnosed if patients had fever, cough, and dyspnea with new pul-
monary infiltrates on chest radiography. Acute bronchitis was defined

as an acute respiratory infection manifested predominantly by cough
without pneumonia, common cold, or exacerbation of asthma or COPD
[14]. Chest radiography was independently interpreted by two chest
radiologists who did not know the clinical course of patients. If the
results were discordant, the consensus was made after the discussion.
Hospital-acquired pneumonia (HAP) was defined as pneumonia that
developed 48 h or more after admission without endotracheal intuba-
tion. Ventilator-acquired pneumonia (VAP) was defined as pneumonia
that developed more than 48 h after endotracheal intubation [15,16].
COPD exacerbation was defined as a sustained worsening of the COPD
patients’ condition beyond normal day-to-day variations, acute onset
and necessitates a change in regular medication [17]. Asthma exacer-
bation was defined by changes in symptoms and rescue use, which were
outside the patients’ usual range of day-to-day variation [18]. Wor-
sening or new congestive heart failure were diagnosed by cardiologists
based on clinical signs, laboratory investigation such as chest radio-
graphy and echocardiography.

3.4. Statistical analysis

The PASW statistics 18.0 (SPSS Inc., Chicago, IL, USA) was used for
the analysis. Categorical data were described as percentages. Normally
distributed continuous data were presented as mean and standard de-
viation (SD), whereas non-normally distributed data were presented as
median and interquartile range (IQR). Categorical and continuous
variables were compared between groups using Chi-square test or
Fisher’s Exact test and unpaired t-test or Mann–Whitney test as appro-
priate. Multiple logistic regression analysis was performed to identify
the risk factors of complications and were presented as odds ratio and
95% confidence interval. A p-value of< 0.05 was considered a statis-
tically significant difference.

4. Results

4.1. Clinical manifestations

Respiratory specimen of 1562 adult hospitalized patients suspected
of respiratory viral infection were sent to detect RSV during May 2014
and December 2015. RSV was detected in 86 (5.5%) of patients in 5

Fig. 1. All cases (n=1562) of adult hospitalized patients who sent their respiratory specimens to detect respiratory syncytial virus (RSV). RSV was found in 86
patients (5.5%) over two consecutive rainy seasons.
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months a year between July and November during two consecutive
rainy seasons (Fig. 1). Sixty-nine RSV positive patients provided written
informed consent and were included in the study. RSV was detected by
RT-PCR (82.6%), IFA (10.1%) and both RT-PCR and IFA (7.3%). Clin-
ical outcomes in terms of acute respiratory illnesses (ARI) and mortality
are demonstrated in Fig. 2. Community-acquired and nosocomial-ac-
quired RSV infections were found in 57 (82.6%) and 12 (17.4%) pa-
tients, respectively. Twenty-one of 57 (36.8%) community-acquired
RSV infected patients had a history of contact with persons having
acute respiratory tract infection in their families. The nosocomial-ac-
quired infections were detected during outbreak, 5 patients at hema-
tologic ward, and 7 patients at general medical ward. Pneumonia was
the most common ARI in both groups. Mortality rates of the commu-
nity-acquired and nosocomial-acquired RSV infections were 15.8% (9
of 57) and 16.7% (2 of 12), respectively. The clinical manifestations of
community-acquired and nosocomial-acquired RSV infections were si-
milar, and the data were combined for analysis.

The median age of patients was 72 years (IQR 58–81 years)
(Table1). Sixty of 69 (87.0%) patients aged ≥ 50 years with the highest
prevalence (36.2%) of age 65–79 years. Among patients aged<50
years, 7 of 9 (77.8%) were immunocompromised hosts (3 hematologic
malignancy, 2 hematopoietic stem cell transplant recipients, and 2
connective tissue diseases on immunosuppressive drugs). Females were
the predominant. All patients had at least one comorbidity. The most
common comorbidities were pre-existing cardiovascular diseases
(33.3%), pulmonary diseases (29.0%), immunocompromised hosts
(29.0%), diabetes (29.0%), and chronic kidney diseases (26.1%).

The median duration of symptoms at presentation was 3days (IQR
2–3.5days). The common presenting symptoms (Table 2) were cough
(92.8%), dyspnea (91.3%), sputum production (87.0%), and history of
fever (81.2%). Rhinorrhea was present in 46.4%of patients. The
common initial physical findings were tachypnea (75.4%), wheezing
(73.9%),and fever (43.5%). Wheezing was found in 69.6% (39 of 56) of
patients after excluding asthma or COPD. Fever (BT≥ 37.8 °C) was
foundin approximately 71.0% patients in the first 2 days of admission
with mean temperature 38.7 ± 0.6 °C. After excluding hematologic
malignancy and bacterial co-infection, the median white blood counts
were 7995 cells/mm3 (IQR 5,632-10,842 cells/mm3). Median neu-
trophil and lymphocyte counts were 72.6% (IQR 60.0–84.2 %) and
16.6% (IQR 9.0–24.5%), respectively.

4.2. Respiratory complications

Chest X-rays were performed for all patients. Pneumonia and acute

bronchitis were diagnosed in 79.7% (55/69) and 17.4% (12/69) pa-
tients, respectively (Fig. 2). Chest radiography findings of pneumonia
were diffuse interstitial infiltrations alone 60.0% (33/55), mixed dif-
fused interstitial and alveolar infiltrations 30.9% (17/55), and alveolar
infiltrations alone 9.1% (5/55). Exacerbations were occurred in 9 of 10
asthma and all 3 COPD patients. Hypoxemia (peripheral oxygen sa-
turation (SpO2) ≤ 92%) was found in 26 patients (37.7%) at the initial
presentation and increased to 37 patients (53.6%) during the hospita-
lization. Twenty-five of 69 (36.2%) patients developed acute re-
spiratory failure and required ventilatory support (22 patients needed
invasive mechanical ventilation and 3 patients required non-invasive
ventilation).

Fig. 2. Summary of clinical outcomes in terms of ARI and mor-
tality of community-acquired and nosocomial-acquired RSV in-
fections in adult hospitalized patients.
RSV, respiratory syncytial virus; ARI, acute respiratory illness;
COPD, chronic obstructive pulmonary disease; HAP, hospital-ac-
quired pneumonia; VAP, ventilator-associated pneumonia.

Table 1
Baseline characteristics of RSV infection in adult hospitalized patients
(n=69).

Characteristic Number (%)

Age, years, median (IQR) 72 (58-81)
15 - 34 5 (7.3)
35 - 49 4 (5.8)
50 - 64 16 (23.2)
65 - 79 25 (36.2)
≥ 80 19 (27.5)
Sex: Female 52 (75.4)
Hypertension 46 (66.7)
Dyslipidemia 30 (43.5)
Cardiovascular diseasesa 23 (33.3)
Pulmonary diseasesb 20 (29.0)
Immunocompromised patientsc 20 (29.0)
Diabetes mellitus 20 (29.0)
Chronic kidney disease 18 (26.1)
Old stroke 12 (17.4)
Bedridden 8 (11.6)
Solid malignancy 5 (7.3)

IQR, interquartile range.
a Cardiovascular diseases: coronary artery disease, congestive

heart failure, atrial fibrillation.
b Pulmonary diseases: asthma, chronic obstructive pulmonary

disease, bronchiectasis, previously treated tuberculosis.
c Immunocompromised patients: hematologic malignancy, hema-

topoietic stem cell transplantation, on immunosuppressive drugs, on
corticosteroid treatment> 20 mg/day prednisolone equivalent or
human immunodeficiency virus (HIV) infection.
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4.3. Cardiovascular complications

Seventeen of 69 patients (24.6%) developed cardiovascular com-
plications and 9 of 17 (52.9%) patients had pre-existing cardiovascular
diseases (CVD). Congestive heart failure (CHF), acute myocardial in-
farction (MI), new atrial fibrillation (AF), and supraventricular tachy-
cardia (SVT, heart rate 130, 160 and 220 beats/min) were found in 9
(13.0%), 7 (10.1%), 4 (5.8%), and3 (4.3%) of 69 patients, respectively.
Four of 9 CHF patients had worsening CHF. Among 5 new onset CHF
patients, 4 patients had pre-existing coronary artery disease and valv-
ular heart disease, and the other one had no previous diagnosis of CVD
but had left ventricular ejection fraction (LVEF) 33.5% during RSV
infection. All acute MI were diagnosed as non-ST-elevation MI
(NSTEMI). Five of 7 (71.4%) acute MI had concomitant CHF. Three of 7
(42.8%) acute MI patients were first diagnosed, and all had the risk
factors of coronary artery disease (DM, hypertension and dyslipidemia).
The pre-existing coronary arterial disease (CAD) was the risk factor of
overall cardiovascular complications in hospitalized adult patients with
RSV infection with odds ratio 6.18, (95% CI 1.18–32.5), p= 0.03,
adjusted for age, sex, HT, DLP, DM, pre-existing CHF, arrhythmia, and
VHD.

4.4. Antimicrobial treatment

Sixty-five (94.2%) and 51 (73.9%) patients received initial em-
pirical antibiotics and antiviral drugs (oseltamivir), respectively. After
confirmed RSV infection, 32 (46.4%) patients received oral ribavirin in
cases of respiratory failure that needed mechanical ventilator, hema-
tologic malignancy, immunosuppressive therapy, or HIV infection.
Mortality rates in patients treated with oral ribavirin compared to those
without oral ribavirin were 18.8% (6/32) vs 13.5% (5/37), p-value
0.553. Sputum specimens were collected in 54 (78.3%) patients, but
only 18 of 54 (33.3%) specimens were acceptable for bacterial culture.
Bacterial co-infection with RSV identified by sputum culture were
found in 6(8.7%) patients, Haemophilus influenzae (1), Klebsiella pneu-
moniae (1), Pseudomonas aeruginosa (2), Acinetobacter baumannii (1),
and Pasteurella multocida (1). Hemoculture for bacteria was performed
on 65 patients (94.2%). Three patients had concomitant bacteremia,
Escherichia coli (2), and Aeromonas hydrophila (1). One patient with E.
coli bacteremia had urinary tract infection, whereas the source of infection
including sputum culture was not identified in other two patients.

4.5. Mortality (Table3)

The overall mortality rate was 15.9% (11 of 69 patients). Two pa-
tients of nosocomial RSV infection had hematologic malignancy with
agranulocytosis. They received oral ribavirin, empirical antibiotics, and
antifungal drugs; however, RSV persisted and had no evidence of other
organisms (bacteria or fungus). Nine patients of community-acquired
RSV infection were of advanced age (64–95 years) and had comorbid-
ities. Pneumonia (9 of 11, 81.8%) and acute MI (2 of 11, 18.2%) were
the most and the second common causes of death.

5. Discussion

Most (87.0%) adult hospitalized patients with RSV infection of age
≥ 50 years had comorbidities. RSV is an important pathogen not only
in patients of age ≥ 65 years but also in the age range 50–64 years,
which was similar to previous studies [9,19,20]. Nevertheless, we
found the highest prevalence in age range 65–79 years (36.2%). The
major comorbidities were pre-existing cardiopulmonary diseases, he-
matologic malignancy, immunocompromised hosts and DM. These
findings were similar to the results of previous studies [4,6,11,19,21].
RSV infection is a seasonal disease [3,22,23]. We found RSV infection in
the hospitalized patients during rainy seasons, which was similar to the
results of a previous study in another region of Thailand [3]. The
common manifestations were cough, dyspnea, sputum production,
fever, wheezing, and tachypnea, similar to the previous studies.
[6,9,11,21,24] Nevertheless, nasal congestion and rhinorrhea were not
the predominant symptoms in our study. These findings suggested
predominant involvement of lower respiratory tract, which might be
associated with disease severity.

6. Respiratory complications

The prevalence of pneumonia and acute respiratory failure, which
required ventilatory support, was higher than those in previous studies,
79.7% vs 29%–67.5% and 36.2% vs 3.4%–17.0%, respectively
[6,7,11,25–27]. Chest radiologic findings of RSV pneumonia in our
study included predominant interstitial infiltrations (60.0% diffuse in-
terstitial infiltrations alone and 30.9% mixed diffused interstitial and
alveolar infiltrations). In contrast, those of most previous studies were
consolidation or ground-glass opacity in unilateral and basilar in loca-
tion [6,11,24,28]. However, our radiologic findings were similar to

Table 2
Presenting symptoms and initial physical findings of adult hospitalized patients
with RSV infection (n =69).

Presenting symptoms n (%) Initial physical findings n(%)

Cough 64(92.8) Wheezing/rhonchi 58(84.0)
Dyspnea 63(91.3) Wheezing alone 51(73.9)
Sputum production 60(87.0) Tachypnea 52(75.4)
History of fever 56(81.2) Fevera 30 (43.5)
Rhinorrhea 32 (46.4) Tachycardia 39 (56.5)
Audible wheezing 16 (23.2) Crepitation 40 (58.0)
Sore throat 12 (17.4) Use of accessory respiratory

muscles
35 (50.7)

Nasal congestion 11 (15.9) Hypoxemiab 26 (37.7)
Sneezing 10 (14.5) Alteration of consciousness 17 (24.6)
Nausea/vomiting 10 (14.5)
Myalgia 9 (13.0)
Diarrhea 7 (10.1)
Chest pain 3 (4.3)

a BT≥ 37.8 °C; Fever within 2 days of admission was increased to
49(71.0%).

b Peripheral oxygen saturation (SpO2) ≤ 92% and needed oxygen supple-
ment.

Table 3
Mortality in RSV-infected patients.

Type Age Causes of death Comorbidities

Nosocomial-
acquired

32 RSV pneumonia AML with agranulocytosis
38 RSV pneumonia MM with agranulocytosis

Community-
acquired

95 RSV pneumonia Dementia, Asthma
74 HAP (S.maltophilia) HT, DLP, DM, AF, Asthma
90 HAP (K.pneumoniae) Bed ridden, Parkinsonism
90 HAP (A. baumannii) HT, DLP, CKD, Old CVA
64 VAP (A. baumannii) Bed ridden, Dementia, HT,

DLP, CKD, Anemia, CHF
67 VAP (A. baumannii) HT, old CVA, severe COPD
93 VAP (A. baumannii) Anemia
76 Acute MI with CHF HT, CAD, CHF, Asthma
78 Acute MI HT, DLP, CKD

RSV, respiratory syncytial virus; AML, acute myeloid leukemia; MM, multiple
myeloma.
HAP, hospital-acquired pneumonia;VAP, ventilator-associated pneumonia; MI,
myocardial infarction.
CHF, congestive heart failure; HT, hypertension; DLP, dyslipidemia; DM, dia-
betes mellitus.
AF, atrial fibrillation; CKD, chronic kidney disease; CVA, cerebrovascular ac-
cident.
COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease.
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those of a previous study conducted in rural Thailand by another re-
search group [12].

7. Cardiovascular complications

Cardiovascular complications were found in 24.6% of patients in-
cluding both worsening and new onset CHF, acute MI, new AF and SVT,
and 52.9% of them had pre-existing cardiovascular diseases. The pre-
valence of cardiovascular complications in adult RSV infection had
been reported in 14.3%–22.0% of patients [6,11]. A risk of overall
cardiovascular complications in our study was pre-existing coronary
arterial disease (CAD) with adjusted odds ratio 6.18, (95% CI
1.18–32.5), p= 0.03. In addition, we found that acute MI was the
second cause of death. These supported the importance of cardiovas-
cular complications in adult hospitalized patients with RSV infection.
Patients with cardiovascular disease have higher rates of health care
utilization for RSV-related illness and worse outcomes [29].

8. Antimicrobial treatment

Most patients received initial empirical antibiotics (94.2%) and
oseltamivir (73.9%), which had no effect on RSV. We might reduce the
unnecessary uses of antibiotics and anti-influenza drugs, if we knew
pathogen earlier. Oral ribavirin was used in patients with severe re-
spiratory failure who needed mechanical ventilator and im-
munocompromised hosts in our observational study; however, the
benefit of treatment is not clear.

9. Mortality rate

The mortality rate was high (15.9%) compared to other studies
(5.8%–11.9%) [4,6,21]. This might be because of severe RSV infection,
where pneumonia was found in 79.7% of patients. In the adult hospi-
talized patients with RSV infection, mortality was higher in the elderly
with comorbidities and young patients with hematologic malignancy.
Cardiopulmonary complications such as pneumonia and acute MI were
the most and the second causes of death, respectively.

High complications and mortality of RSV infection in our study
supported the importance of RSV infection in adult hospitalized pa-
tients. RSV causing severe complications and high mortality in the el-
derly similar to or higher than influenza had been reported [7,11,30].
Adult severe pneumonia can occur in other viruses including human
metapneumovirus (HMPV), human rhinovirus, parainfluenza virus,
adenovirus, and coronavirus [5,10,31]. More studies of respiratory viral
infections in adult patients are needed to identify the incidence and the
impact of these viruses in Thailand. The mechanisms of these severe
diseases in the elderly are not clear. However, the experimental studies
in aged mice infected with RSV and/or HMPV demonstrated that
CD4+T lymphocytes, the cytokine response, or a defect in humoral
response may be associated with the severity in this population [32,33].

10. The limitation of the study

The first limitation of the study is the combination of retrospective
and prospective studies, even though most of the patient data were
recorded by pulmonologists on duty. The retrospective study might
affect the presenting symptoms of patients; however, it should not af-
fect the clinical outcomes including cardiopulmonary complications
and mortality. The second limitation is that only the respiratory spe-
cimens of patients suspected of respiratory viral infection were sent for
the detection of RSV. It may lead to bias in the prevalence and clinical
presentations. The prospective study of all adult hospitalized patients
with acute respiratory illness should be conducted to determine the
prevalence, clinical manifestations, and outcomes of the virus.

11. Conclusions

Most of the adult hospitalized patients with RSV infections aged ≥
50 years old and had pre-existing cardiopulmonary diseases, hemato-
logic malignancy, immunocompromised hosts, and DM. Pneumonia and
acute MI were the major causes of death. Management and preventive
strategies of RSV infection in these vulnerable groups in both commu-
nity-acquired and hospital-acquired infections are necessary.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Benjamas Chuaychoo: Conceptualization, Data curation, Formal
analysis, Funding acquisition, Investigation, Methodology, Project ad-
ministration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review & editing.
Sopita Ngamwongwan: Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Project administration, Software,
Validation, Visualization, Writing - original draft, Writing - review &
editing. Bualan Kaewnaphan: Conceptualization, Data curation,
Formal analysis, Investigation, Methodology, Project administration,
Software, Validation, Visualization, Writing - original draft, Writing -
review & editing. Niracha Athipanyasilp: Conceptualization, Data
curation, Formal analysis, Investigation, Methodology, Project admin-
istration, Software, Validation, Visualization, Writing - original draft,
Writing - review & editing. Navin Horthongkham: Conceptualization,
Data curation, Formal analysis, Investigation, Methodology, Project
administration, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing. Wannee
Kantakamalakul: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Software,
Supervision, Validation, Visualization, Writing - original draft, Writing -
review & editing. Nisa Muangman: Conceptualization, Data curation,
Formal analysis, Investigation, Methodology, Project administration,
Software, Validation, Visualization, Writing - original draft, Writing -
review & editing.

Acknowledgments

The authors thank Professor Khun Nanta Maranetra and Mr. Brian
Rochana for proof reading the article. The authors also thank Miss
Khemajira Karaketklang and Miss Kanokwan Rattanasaengloet for re-
view of the statistical analysis. The authors also thank Miss Pattranan
Vaidyakula for the data recording.

References

[1] A.T. Borchers, C. Chang, M.E. Gershwin, L.J. Gershwin, Respiratory syncytial virus–
a comprehensive review, Clin. Rev. Allergy Immunol. 45 (3) (2013) 331–379.

[2] C.B. Hall, G.A. Weinberg, A.K. Blumkin, K.M. Edwards, M.A. Staat, A.F. Schultz,
et al., Respiratory syncytial virus-associated hospitalizations among children less
than 24 months of age, Pediatrics 132 (2) (2013) e341–8.

[3] S. Naorat, M. Chittaganpitch, S. Thamthitiwat, S. Henchaichon, P. Sawatwong,
P. Srisaengchai, et al., Hospitalizations for acute lower respiratory tract infection
due to respiratory syncytial virus in Thailand, 2008-2011, J. Infect. Dis. 208 (Suppl
3) (2013) S238–45.

[4] A.R. Falsey, P.A. Hennessey, M.A. Formica, C. Cox, E.E. Walsh, Respiratory syn-
cytial virus infection in elderly and high-risk adults, N. Engl. J. Med. 352 (17)
(2005) 1749–1759.

[5] A.R. Falsey, J.E. McElhaney, J. Beran, G.A. van Essen, X. Duval, M. Esen, et al.,
Respiratory syncytial virus and other respiratory viral infections in older adults
with moderate to severe influenza-like illness, J. Infect. Dis. 209 (12) (2014)
1873–1881.

[6] C. Volling, K. Hassan, T. Mazzulli, K. Green, A. Al-Den, P. Hunter, et al., Respiratory
syncytial virus infection-associated hospitalization in adults: a retrospective cohort
study, BMC Infect. Dis. 14 (2014) 665.

B. Chuaychoo, et al. Journal of Clinical Virology 117 (2019) 103–108

107

http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0005
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0005
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0010
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0010
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0010
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0015
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0015
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0015
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0015
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0020
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0020
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0020
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0025
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0025
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0025
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0025
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0030
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0030
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0030


[7] E. Walker, M.G. Ison, Respiratory viral infections among hospitalized adults: ex-
perience of a single tertiary healthcare hospital, Influenza Other Respir. Viruses 8
(3) (2014) 282–292.

[8] E.E. Walsh, D.R. Peterson, A.R. Falsey, Risk factors for severe respiratory syncytial
virus infection in elderly persons, J. Infect. Dis. 189 (2) (2004) 233–238.

[9] M.E. Sundaram, J.K. Meece, F. Sifakis, R.A. Gasser Jr., E.A. Belongia, Medically
attended respiratory syncytial virus infections in adults aged &/= 50 years: clinical
characteristics and outcomes, Clin. Infect. Dis. 58 (3) (2014) 342–349.

[10] K. Widmer, Y. Zhu, J.V. Williams, M.R. Griffin, K.M. Edwards, H.K. Talbot, Rates of
hospitalizations for respiratory syncytial virus, human metapneumovirus, and in-
fluenza virus in older adults, J. Infect. Dis. 206 (1) (2012) 56–62.

[11] N. Lee, G.C. Lui, K.T. Wong, T.C. Li, E.C. Tse, J.Y. Chan, et al., High morbidity and
mortality in adults hospitalized for respiratory syncytial virus infections, Clin.
Infect. Dis. 57 (8) (2013) 1069–1077.

[12] A.M. Fry, M. Chittaganpitch, H.C. Baggett, T.C. Peret, R.K. Dare, P. Sawatwong,
et al., The burden of hospitalized lower respiratory tract infection due to respiratory
syncytial virus in rural Thailand, PLoS One 5 (11) (2010) e15098.

[13] S.J. Olsen, S. Thamthitiwat, S. Chantra, M. Chittaganpitch, A.M. Fry,
J.M. Simmerman, et al., Incidence of respiratory pathogens in persons hospitalized
with pneumonia in two provinces in Thailand, Epidemiol. Infect. 138 (12) (2010)
1811–1822.

[14] R.S. Irwin, M.H. Baumann, D.C. Bolser, L.P. Boulet, S.S. Braman, C.E. Brightling,
et al., Diagnosis and management of cough executive summary: ACCP evidence-
based clinical practice guidelines, Chest 129 (1 Suppl) (2006) 1S–23S.

[15] S. American Thoracic, Infectious Diseases Society of A. Guidelines for the man-
agement of adults with hospital-acquired, ventilator-associated, and healthcare-
associated pneumonia, Am. J. Respir. Crit. Care Med. 171 (4) (2005) 388–416.

[16] N. Anand, M.H. Kollef, The alphabet soup of pneumonia: CAP, HAP, HCAP, NHAP,
and VAP, Semin. Respir. Crit. Care Med. 30 (1) (2009) 3–9.

[17] R. Rodriguez-Roisin, Toward a consensus definition for COPD exacerbations, Chest
117 (5 Suppl 2) (2000) 398S–401S.

[18] H.K. Reddel, D.R. Taylor, E.D. Bateman, L.P. Boulet, H.A. Boushey, W.W. Busse,
et al., An official American Thoracic Society/European Respiratory Society state-
ment: asthma control and exacerbations: standardizing endpoints for clinical
asthma trials and clinical practice, Am. J. Respir. Crit. Care Med. 180 (1) (2009)
59–99.

[19] R.E. Malosh, E.T. Martin, A.P. Callear, J.G. Petrie, A.S. Lauring, L. Lamerato, et al.,
Respiratory syncytial virus hospitalization in middle-aged and older adults, J. Clin.
Virol. 96 (2017) 37–43.

[20] D.L. McClure, B.A. Kieke, M.E. Sundaram, M.D. Simpson, J.K. Meece, F. Sifakis,
et al., Seasonal incidence of medically attended respiratory syncytial virus infection

in a community cohort of adults &/=50 years old, PLoS One 9 (7) (2014) e102586.
[21] K. Widmer, M.R. Griffin, Y. Zhu, J.V. Williams, H.K. Talbot, Respiratory syncytial

virus- and human metapneumovirus-associated emergency department and hospital
burden in adults, Influenza Other Respir. Viruses 8 (3) (2014) 347–352.

[22] K. Bloom-Feshbach, W.J. Alonso, V. Charu, J. Tamerius, L. Simonsen, M.A. Miller,
et al., Latitudinal variations in seasonal activity of influenza and respiratory syn-
cytial virus (RSV): a global comparative review, PLoS One 8 (2) (2013) e54445.

[23] A.K. Haynes, A.P. Manangan, M.K. Iwane, K. Sturm-Ramirez, N. Homaira,
W.A. Brooks, et al., Respiratory syncytial virus circulation in seven countries with
Global Disease Detection Regional Centers, J. Infect. Dis. 208 (Suppl 3) (2013)
S246–54.

[24] E.E. Walsh, D.R. Peterson, A.R. Falsey, Is clinical recognition of respiratory syn-
cytial virus infection in hospitalized elderly and high-risk adults possible? J. Infect.
Dis. 195 (7) (2007) 1046–1051.

[25] N.W. Anderson, M.J. Binnicker, D.M. Harris, R.M. Chirila, L. Brumble,
J. Mandrekar, et al., Morbidity and mortality among patients with respiratory
syncytial virus infection: a 2-year retrospective review, Diagn. Microbiol. Infect.
Dis. 85 (3) (2016) 367–371.

[26] Y.S. Kwon, S.H. Park, M.A. Kim, H.J. Kim, J.S. Park, M.Y. Lee, et al., Risk of mor-
tality associated with respiratory syncytial virus and influenza infection in adults,
BMC Infect. Dis. 17 (1) (2017) 785.

[27] N. Lee, M.C. Chan, G.C. Lui, R. Li, R.Y. Wong, I.M. Yung, et al., High viral load and
respiratory failure in adults hospitalized for respiratory syncytial virus infections, J.
Infect. Dis. 212 (8) (2015) 1237–1240.

[28] S.S. Wong, J.W. Yu, K.T. Wong, N. Lee, G.C. Lui, P.K. Chan, et al., Initial radio-
graphic features as outcome predictor of adult respiratory syncytial virus re-
spiratory tract infection, AJR Am. J. Roentgenol. 203 (2) (2014) 280–286.

[29] K.S. Ivey, K.M. Edwards, H.K. Talbot, Respiratory syncytial virus and associations
with cardiovascular disease in adults, J. Am. Coll. Cardiol. 71 (14) (2018)
1574–1583.

[30] B. Ackerson, H.F. Tseng, L.S. Sy, Z. Solano, J. Slezak, Y. Luo, et al., Severe morbidity
and mortality associated with respiratory syncytial virus versus influenza infection
in hospitalized older adults, Clin. Infect. Dis. (2018).

[31] M.A. Kim, J.S. Park, C.W. Lee, W.I. Choi, Pneumonia severity index in viral com-
munity acquired pneumonia in adults, PLoS One 14 (3) (2019) e0210102.

[32] M. Darniot, C. Pitoiset, T. Petrella, S. Aho, P. Pothier, C. Manoha, Age-associated
aggravation of clinical disease after primary metapneumovirus infection of BALB/c
mice, J. Virol. 83 (7) (2009) 3323–3332.

[33] V. Ditt, J. Lusebrink, R.L. Tillmann, V. Schildgen, O. Schildgen, Respiratory infec-
tions by HMPV and RSV are clinically indistinguishable but induce different host
response in aged individuals, PLoS One 6 (1) (2011) e16314.

B. Chuaychoo, et al. Journal of Clinical Virology 117 (2019) 103–108

108

http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0035
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0035
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0035
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0040
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0040
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0045
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0045
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0045
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0050
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0050
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0050
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0055
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0055
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0055
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0060
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0060
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0060
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0065
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0065
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0065
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0065
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0070
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0070
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0070
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0075
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0075
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0075
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0080
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0080
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0085
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0085
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0090
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0090
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0090
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0090
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0090
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0095
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0095
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0095
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0100
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0100
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0100
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0105
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0105
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0105
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0110
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0110
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0110
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0115
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0115
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0115
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0115
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0120
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0120
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0120
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0125
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0125
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0125
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0125
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0130
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0130
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0130
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0135
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0135
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0135
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0140
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0140
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0140
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0145
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0145
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0145
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0150
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0150
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0150
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0155
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0155
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0160
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0160
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0160
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0165
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0165
http://refhub.elsevier.com/S1386-6532(19)30147-7/sbref0165

